reports on the parasitic fauna of wildcats (Felis silvestris silvestris) are rare and often based on a small sample size, therefore the goal of this research was to investigate the prevalence of endoparasites in wildcats in Croatia. Necropsy was conducted on 34 adult wildcats killed in traffic or provided by hunters following regular hunting operations. all animals tested negative for rabies. the contents of the stomach and intestine were examined under a microscope. Feces from the rectum were analyzed using flotation with a saturated ZnSO 4 solution, while the diaphragm was examined using artificial digestion. Direct immunofluorescence was used for the first time to detect Giardia sp. cysts in wildcats. all animals were infected with at least one species of parasites, while the most diverse infestation included six different species of parasites in a single animal. the following parasite species were found (% of prevalence of adult parasites and their developmental stages in all analyzed samples): Taenia 
In Croatia, there are no data about parasites in wildcats. therefore, the aim of this survey was to investigate the prevalence of gastrointestinal and Trichinella parasites in wildcats in Croatia.
Materials and methods
Samples. a total of 34 entire carcasses or intestines with diaphragm of adult wildcats killed in traffic accidents or culled during regular game management activities (prior to the hunting ban in 2013) were collected and stored at -20 °C. DNA analysis confirmed all the samples were from wildcats and that there were no domestic cats in the sampling (SINDIČIĆ et al., 2016) .
Study area. the origin of samples collected is presented on Fig. 1 . Necropsy and parasitological examination. Before necropsy, each animal was tested for rabies and all the tests were negative. Necropsies were conducted at the Faculty of Veterinary Medicine, University of Zagreb, according to a standard veterinary protocol. the gastrointestinal tract (stomach and intestines) was removed from the animal, stored in separated plastic containers, opened along its length and flushed with water, while its mucosa was scraped and separated in another plastic container. From some wildcats only the intestines and diaphragms were available.
the contents of the stomach and intestines were examined in Petri dishes on a dark background under a stereomicroscope, while the scraped mucosa was checked for parasites under the microscope. Parasites were then washed out with saline to remove the gastrointestinal contents in order to facilitate definition to the genus or species level, depending on the condition.
Copromicroscopic examination. Feces was removed from the rectum and separated into two parts of 5 g each. One part was analyzed using the flotation method with a saturated ZnSO 4 solution (S.G. = 1.3), and the other was used to detect Giardia sp. cysts. Fecal samples were first prepared using the flotation technique with sucrose, and then analyzed by the direct immunofluorescence method (Meridian Bioscience, Inc., Merifluor ® Cryptosporidium/Giardia).
Artificial digestion. the presence of Trichinella sp. parasites was analyzed using diaphragm samples (10g) by the reference method for artificial digestion of Trichinella in meat (the european Community regulation (eC) No. 2075 No. /2005 .
Parasite determination. The parasite identifications and staining were based on the available descriptions (MEHLHORN et al., 1993; HRČKOVA et al., 2011; BRIANTI et al., 2012; SChMÄSChke, 2013 (Fig. 2 -Fig. 4 ). Due to significant degradation, identification to species level was not possible for some samples.
Common parasite species were defined as those whose prevalence was at least 20% (WAID and PENCE, 1988) .
Results
all animals were infected with at least one parasite species. the most diverse infection, including six different species of parasites, was found in three animals (8.82%), while mono infections dominated in eight examined samples (23.53%) (tables 1 and 3). Parasites from 19 different genera and at least 20 different species were identified (tables 2 and 3). the most prevalent parasites in this survey were T. cati (Fig. 2a) , T. taeniaeformis (Fig. 2b, Fig. 2c ), Capillaria sp., Isospora sp. and Strongyloides sp. (Fig.  3e, Fig. 3f ). Other parasites, such as T. leonina (Fig. 2a) , M. lineatus (Fig. 3a, Fig. 3b ), D. caninum (Fig. 3c, Fig. 3d ), A. tubaeformae (Fig. 4a, Fig. 4b ), A. abstrusus (Fig.  4c, Fig. 4d ), A. alata (Fig. 4e) , Giardia sp. (Fig. 4f) 
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Strongyloides sp.
-/- Discussion the 100% prevalence of endoparasitic infections in this study was the same as reported previously in wildcats in Greece, Spain and Germany (PAPADOPOULOS et al., 1997; RODRIGUEZ and CARBONELL, 1998; KRONE et al., 2008) . Similarly, a high prevalence was also found in Bulgaria (95.5%) (KIRKOVA et al., 2011) and Italy (90.9%) (NAPOLI et al., 2016) .
Species diversity in this study was 0.6 (34 animals tested and 20 parasites species identified). The diversity of parasitic fauna and species prevalence differs between studies. In Greece, five different species of endoparasites were identified in four cats (PAPADOPOULOS et al., 1997) , in France seven species in 39 samples (LEPLE, 2001) , in Germany 8 in 15 wildcats (KRONE et al., 2008) ŽELEZNIK, 1976) , in Italy 10 species in 121 samples (NAPOLI et al., 2016) , in Bulgaria 11 in 22 samples (KIRKOVA et al., 2011) in Spain 15 in 19 samples (RODRIGUEZ and CARBONELL, 1998) ; while the present survey had the highest diversity in terms of the different species identified (20 from 34 samples).
among all parasites detected, the common parasites, with a prevalence of 20% or higher (WAID and PENCE, 1988) RODRIGUEZ and CARBONELL (1998) and KIRKOVA et al. (2011) .
In this study, Trichinella spp. was found in two out of 34 analyzed samples (5.88%). In other studies conducted in different european countries, Trichinella was found in a higher prevalence, with the highest prevalence in Bulgaria (BRGLEZ and ŽELEZNIK, 1976; KIRKOVA et al., 2011; BLAGA et al., 2009; BADAGLIACCA et al., 2016) . Infection of wildlife with Trichinella spp. is widespread throughout europe. there are records of T. britovi and T. spiralis infection in wildcats, where T. britovi infection prevails by 73% vs. 27% ). In Croatia, Trichinella sp. infection in wildcats has not been detected until now, but is already known in other wild carnivores and omnivores including wolves, badgers, wild boars, bear, and lynx (BECK et al., 2009). Four parasite species were identified which to our knowledge have previously never been reported in free-living wildcats: D. caninum, Sarcocystis sp., Strongyloides sp., and Giardia sp.
Strongyloides sp. was detected in eight wildcat samples (23.5%) in the current study and this is the first finding of this parasite in Felis silvestris silvestris. Strongyloides species are known, but rare parasites of felines worldwide, and up to now several different species have been described (THAMSBORG et al., 2016) . there are a few reports about the low prevalence of Strongyloides sp. infection in domestic cats in europe (takeUChI- STORM at al., 2015a; MIRCEAN et al., 2010) . also S. stercoralis was found in one sample in Lynx pardinus in Spain (RODRIGUEZ and CARBONELL, 1998). according to SPEARE and TINSLEY (1987) , when fewer feces are used in routine diagnostics, the chances of finding Strongyloides sp. are slight. this problem can be avoided by using the Baerman test and greater quantities of feces. The females present in the intestine are very thin, and can be found only by dissecting the mucosa, a procedure not done consistently in any former studies. In this study, adults were found in seven (table 3a-table 3c) . the reason for the low Strongyloides sp. prevalence within fecal samples, besides the preservation state of samples, could also be due to the amount of feces used. It could be concluded that Strongyloides sp. parasites are present in Croatian wildcats in a higher prevalence than was detected by fecal examination. In the future, more attention should be paid to avoiding false negative results, especially if only examination of feces is used for monitoring the parasites.
A. alata eggs were found in feces, which is a species previously reported but it is rare in wildcats (takaCS et al., 2011) . the species has been reported in domestic cats in several publications -adult flukes were identified in Uruguay (CASTRO et al. 2009 ), eggs in upstate New York (LUCIO-FORSTER and BOWMAN, 2011) and on Gran Canaria island (RODRÍGUEZ-PONCE et al., 2016) ; while mesocercariae were identified in domestic cats in Denmark (TAKEUCHI-STORM et al., 2015b) . recently, among all the surveys conducted on wildcats (BURT et al., 1980; SCHUSTER et al., 1993; PAPADOPOULOS et al., 1997; RODRIGUEZ and CARBONELL, 1998; KRONE et al., 2008; KIRKOVA et al., 2011; NAPOLI et al., 2016) , only takaCS et al. (2011) recorded A. alata. Adult flukes were found in the duodenum and eggs in intestinal scrapings in one male wildcat. Alaria alata was previously described in Croatia in other species: the presence of A. alata mesocercariae was described in wild boar (JAKŠIĆ et al., 2002) , while adult flukes were recorded in foxes (RAJKOVIĆ-JANJE et al., 2002) and golden jackals .
It has never been proven that felids can act as definitive hosts for A. alata in europe, and it is still uncertain if cats can act as paratenic or final hosts of A. alata, as they can host Alaria marcinae. In A. marcinae infection, both cat sexes are final hosts; while lactating females are primarily paratenic hosts, and mesocercarie can be transmitted through milk to their offspring (SHOOP and CORKUM, 1987) . Unfortunately, adult flukes were not found in wildcat intestines in this investigation. among animals analyzed in this study, there were also male cats infected with A. alata, indicating the possibility that felids can act as final hosts for A. alata. additionally, reports from takaCS et al. (2011) , TAKEUCHI-STORM et al. (2015b) and RODRÍGUEZ-PONCE et al. (2016) and the present findings indicate that A. alata could behave in the same way as A. marcinae in feline hosts. Certainly, further investigation is needed to elucidate if wildcats can be definitive hosts for A. alata or not.
Both D. caninum and Sarcocystis sp. were found in only one sample (2.94%). to the authors' knowledge these species have not been previously reported in wildcat studies, but both of these parasites are a common finding in domestic cats, reaching up to 83.3% for D. caninum and 0.8-1% for Sarcocystis sp. in some surveys (KNAUS et al., 2011; LUCIO-FORSTER and BOWMAN, 2011; MIRCEAN et al., 2010 (eCkert et al., 2005) . It could be assumed that this short patent period is the reason why the parasite has never been identified in previous studies, because the sample has to be collected exactly during this short period when the parasite is present in the intestines.
Giardia sp. is a common parasite of domestic cats in Europe. During the 2001 -2014 period, 29 surveys on domestic cats were conducted with prevalence ranging from 0% -37%, depending on study area and method used (BOUZID et al., 2015) . the current survey results showed the presence of Giardia sp. cysts in six wildcat samples (17.6%); while to the authors' knowledge no other studies conducted on wildcats detected the presence of Giardia sp. Infection with Giardia sp. in wild carnivores in Croatia, other than wildcats, was described by BECK et al. (2011a) and ranged from 4.5% in foxes, 10% in wolves, and up to 12.5% in jackals. also, there is a report of Giardia sp. infection in captive felines from the Croatian Zagreb ZOO (BECK et al., 2011b) and in domestic cats (CaCCIÒ et al., 2010) . the low prevalence of Giardia sp. infection in this study could indicate that wildcats ingest Giardia sp. cysts by feeding on rodents. rodents carry Giardia muris, Giardia microti, or Giardia duodenalis assemblage G, which may be unable to establish infection in wildcats, as was described for foxes (BECK et al., 2011a) . Still, the true origin of Giardia sp. in wildcats remains to be discovered.
the results of the intestine examination coincide with the copromicroscopic examination in the majority of samples (table 2, table 3 ). there are some exceptions, e.g. T. taeniaeformis eggs were less prevalent in feces than the adults in intestine. this result was expected because the sensitivity of the flotation method is only 60-80% when more than 1000 eggs/g of feces are present. With lower fecal egg content, the results could be a false negative (eCkert et al., 2005) . Other exceptions ( Table 2, Table 3 ) are due to the sample preservation state. Namely, some wildcats were collected as road kill, then frozen until examined, and thawed. as previously reported (RODRIGUEZ and CARBONELL, 1998; KIRKOVA et al., 2011) , carcass degradation caused by environmental conditions could considerably influence the results, as some parasites (e. g. tapeworms, nematodes, nematode larvae, oocysts) could deteriorate over time and could be difficult to identify.
To the authors' knowledge this is the first report of the wildcat helminth and protozoan fauna in Croatia. also, the free-living wildcat is reported as a host for Giardia sp., Sarcocystis sp., Strongyloides sp. and D. caninum for the first time.
